Background: Due to aging and resources limitation, septic patients are often admitted to medical wards (MWs). Early warning deterioration is a relevant issue in this setting. Unfortunately, a suitable prognostic score has not been identified, yet. Aim: To explore the ability of Modified Early Warning Score (MEWS) to predict the in-hospital mortality in septic patients admitted to MWs. Design: Secondary analysis of a multicentric prospective study. Methods: Consecutive septic patients with positive blood culture admitted to 31 Italian MWs were included. Baseline characteristics, clinics, isolates, rate of transfer to ICU, MEWS was collected on admission according to the study protocol. The accuracy of MEWS in predicting the in-hospital mortality was assessed with the area under the receiver-operating characteristic curves. Sensitivity, specificity, positive and negative predictive value (PPV and NPV), likelihood ratio (LR) were calculated for different MEWS cut-offs and age/comorbidities subgroups. Results: In total 526 patients were included in this analysis. Median MEWS was (range 0-11). In-hospital mortality was 14.8% and transfer to ICU 1.3%. Mortality progressively increased according to MEWS (3% in MEWS 0 vs. 27% in MEWS >5; Chi square for trend P < 0.05). The AUC of MEWS in predicting in-hospital mortality was 0.596 (95% CI, 0.524, 0.669). MEWS did not appear to have an adequate sensitivity, sensibility, PPV, NPV and LR both in the whole population and in the pre-specified subgroups. Conclusions: Our findings do not seem to support the use of MEWS to predict the in-hospital mortality risk of sepsis in MWs.
Introduction
Sepsis is an inflammatory disease associated with high morbidity and mortality, affecting about 18 million people per year worldwide. Because of its increasing incidence, the absolute number of deaths due to sepsis is still growing up, despite of improvements in its management. 1 Nevertheless, most septic patients, including severe cases, are more often admitted to medical wards, due to aging population and limited ICU resources. 2 Outside ICU, early warning deterioration of patients is a more relevant issue. Therefore, an appropriate tool for severity assessment in septic patients is crucial.
Many severity scoring systems are available for the early recognition of septic patients at risk of deterioration in surgical and intensive care units. [3] [4] [5] Unfortunately, most of these scores are quite complex or disease specific. Thus, a simple and reliable score, suitable in current routine practice of medical wards has not clearly identified. The Modified Early Warning Score (MEWS) is a bedside, nursing performed and not disease specific score, based on five physiological parameters. A MEWS score > 4 predicted increased risk of mortality in a prospective cohort of 709 medical emergency patients. 6 Evidence on the accuracy of MEWS in predicting mortality or clinical deterioration in septic patients admitted to medical wards is based on monocentric studies with a limited sample and without microbiological confirmation.
7,8
Thus, we aimed to explore the ability of MEWS to predict mortality in a large multi-center prospective cohort of patients admitted to internal medicine wards with sepsis with positive blood cultures.
Methods

Aim of the study
The primary aim of the study was to assess the accuracy of MEWS, expressed as area under the curve (AUC), in predicting the risk of in-hospital mortality in our population. As a secondary endpoint we evaluated sensitivity, specificity, positive and negative predictive value, and positive and negative likelihood ratio for different MEWS thresholds. Finally, we re-evaluated the accuracy of the MEWS in specific subgroup of patients (according to age and to number of comorbidities).
Design of the study
This was a secondary analysis of the SNOOPII study, a prospective multi-centric study 9 
Participants and variables
Briefly, consecutive adult patients with an objective diagnosis of sepsis and at least one positive blood culture were included in the study. Sepsis, severe sepsis and septic shock were defined according to commonly accepted criteria at the time of the study. 10, 12 Investigators were physicians trained for the identification of patients with sepsis criteria. A minimum of 15 patients was requested to each participating center. The study included either patients with sepsis admitted from emergency room or those who developed sepsis during hospitalization. Patients admitted to ICU from the emergency room and those re-admitted during the observation period were not included. Patients were followed up until discharge from hospital. At each of the participating center, the ethics committee approved the study protocol and, due to the observational nature of the study, waived the need for informed consent. Details about data collection are available in a previous published article. 9 For the purpose of this study, at the time of enrolment, we collected for each patient: demographic characteristics (age, gender), previous hospitalizations, recent antibiotic therapy, clinical presentation, presence of comorbidities, origin of primary infection (respiratory, gastrointestinal, genitourinary or skin-muscle and primary bacteremia), type of bacteria and antibiotic resistance. Heart rate, blood pressure, temperature, respiratory rate, AVPU score (A ¼ Alert, V ¼ reacting to vocal stimuli, P ¼ reacting to pain, U ¼ Unconscious) were used to calculate the MEWS on admission. Rate of transfer to ICU and in-hospital mortality were also registered. ICU admission was at the discretion of the attending physicians, who were unaware of MEWS value of the patient.
Statistical methods
Continuous variables were expressed as mean, plus or minus the standard deviation (SD), or as median with minimum and maximum values when data did not have a normal distribution; categorical data were given as counts and percentages. Mortality rate was expressed as percentage (with the corresponding 95% CIs with continuity correction). To assess the predictive accuracy of the MEWS score, we measured the area under the receiver-operating characteristic (ROC) curves (AUC), equivalent to the C (concordance)-statistics. The C-statistic represents the concordance between predicted and observed events, with c ¼ 0.5 for prediction no better than chance and c ¼ 1.0 for perfect discriminative ability. Sensitivity, specificity, positive and negative predictive value, likelihood ratio were calculated with the corresponding 95% CIs with continuity correction.
Results
The initial cohort consisted of 533 patients. Seven patients were subsequently excluded due to lack of information on MEWS, leaving 526 patients for evaluation (mean age, 72.6 years 51.1% > 75 years, 50.2% males). On admission, 210 patients (40%) met the criteria for sepsis and 316 patients (60%) for severe sepsis/ septic shock, respectively. The majority of patients had at least one comorbidity and 268 patients (51%) had at least three or more comorbidities. Characteristics of included patients were summarized in Table 1. MEWS score ranged from 0 to 11 (median 1). In-hospital mortality was 14.8% (78 patients) and 7 patients (1.3%) were transferred to the ICU during hospitalization. Mortality progressively increased according to the MEWS value (3% in MEWS 0 vs. 27% in MEWS >5; Chi square for trend P < 0.05).
The discriminatory power of the MEWS score to predict inhospital mortality, expressed as the area under the ROC curve, was 0.596 (95% CI, 0.524, 0.669), Figure 1 .
Mediana of Mews score was 1 in low risk and 3 in high risk (severe sepsis, septic shock, MOF). Mediana of Mews score was 2 in alive, 3 in dead.
When dichotomized as low risk vs high risk (MEWS < 4 vs. >4), the MEWS had a sensitivity of 35% (95% CI, 24-46%) and a specificity of 83% (95% CI, 80-87%), a negative predictive value of 88% (95% CI, 44-91%) and a positive predictive value of 27% (95% CI, 18-37%) for in-hospital mortality with a negative likelihood ratio of 0.78 (95% CI, 0.66-0.92) and a positive likelihood ratio of 2.12 (95% CI, 1.45-3.10) Sensitivity, specificity, positive and negative predictive value, and positive and negative likelihood ratio for different cut-off of MEWS are shown in Table 2 . We obtained similar results when the population was divided in specific subgroups according to age (<75 or !75 years) and to the presence of comorbidities (<2 or !2) (data not shown).
Discussion
Sepsis is a frequent and increasingly diagnosed disease. Despite its high mortality and morbidity rate, 1,4 a significant proportion of patients, including those with severe sepsis, are admitted to an internal medicine wards and not transferred to ICU. 7, 8 Early estimation of prognosis for patients with sepsis admitted to Internal Medicine wards is a critical issue. It can impact the decision-making process and potentially influence the outcome of these patients in terms of mortality and residual morbidity.
Several scoring systems are available and can be used for severity stratification of septic patients.
MEWS-a simple and easy to use in clinical practice, non disease-specific score based on physiological parameters on admission. Unfortunately, the role of MEWS and of other scores is not clearly established in septic patients admitted to Internal Medicine since they have been only rarely evaluated in this setting. Ghanem-Zoubi et al. Figure 1 . Area under the ROC curve evaluating the discriminatory power of the MEWS score to predict in-hospital mortality.
transfer to ICU and the risk of mortality at 28 days in a small population of 100 septic patients. The combination of MEWS and lactate was more accurate than MEWS alone in terms of ICU transfer and MEWS appeared significantly associated with 28-day mortality rate. However, results of these studies were based on a single center data collection. Furthermore, they did not provide any information on sensibility and specificity of different scores thresholds in predicting the mortality risk. Thus, their utility in clinical practice remains to be established. In our study we analyzed for the first time the accuracy of MEWS in predicting short-term mortality in a multicenter prospective cohort of patients admitted to internal medicine wards for sepsis with positive blood cultures. Although, as previously shown by Ghanem Zoubi et al., 12 in our population mortality rate appeared to increase with increasing values of MEWS, sensibility and specificity of this score for the most frequently used cut off (MEWS > 4) did not appear adequate to define the risk of mortality in our population. Furthermore when used different cut thresholds only the cut-off >6 and >7 appeared to have a sufficient specificity and LRþ. However, these cut-offs identified a subgroup in our population of a limited sample. Furthermore, accuracy of MEWS remained low even when we considered specific subgroups of our population, namely patients of different ages and with different number of comorbidities. Thus, the role of MEWS as a prognostic score to help clinicians in the management of septic patients admitted to internal medicine wards appeared limited.
Anyway, other large prospective studies conducted in internal medicine on septic patients are warranted to confirm the findings of our study and to assess whether the use of lactate in combination with MEWS may enhance the accuracy of this clinical score in predicting the short terms mortality 8 and to evaluate the role of other clinical scores, such as the MEDS, REMS and SCS in this setting.
Our study has some limitations
Median of MEWS scores in our population is quite low. As previous clearly stated, we enrolled consecutive patients in 31 different Italian medical wards. Thus, a selection bias is extremely unlikely. A possible alternative explanation is that the MEWS score may fail in capturing some severe diseases (e.g. myocardial ischemia) or in appraising the impact of the presence of multiple comorbidities (such as diabetes mellitus, cancer, secondary immunosuppression), which are extremely frequent in internal medicine setting. This may partly explain the low accuracy of the MEWS score as a prognostic tool in our population. Furthermore, although other scores (namely the Apache and Sofa score) may be superior to the MEWS score in assessing the short term risk of mortality, these scores are usually complex and could not be routinely used in clinical practice in internal medicine setting. Thus their evaluation is beyond the aim of our study. Third, the MEWS was evaluated on admission only and we could not exclude that a re-evaluation of this clinical score 1-3 days after admission may improve its prognostic role in this setting.
Fourth, we considered just short-term mortality and we have no information on the potential role of MEWS in predicting the risk of long-term mortality. Last, definition of sepsis, severe sepsis and of septic shock has been recently revised and we have no information on the accuracy of MEWS with these new criteria for septic patients.
In conclusion, our results based on a relatively large multicentric prospective cohort of septic patients with microbiological confirmation does not seem to support a role of MEWS a prognostic score in patients with sepsis admitted to internal medicine. However, considering the potential limitations of our study, other high-quality prospective studies are warranted to confirm our preliminary findings.
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